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ABSTRACT

Aim: To increase evidence that indicated the main role played by virus-triggered inflammation in the 2019novel coronavirus disease (COVID-19)
which emerged in Wuhan City and rapidly spread throughout world.Methods: Age, neutrophil(NEU)-to-lymphocyte (LYM) ratio (NLR),
lymphocyte-to-monocyte (MON) ratio, platelet-to-lymphocyte ratio (PLR), and C-reactive protein (CRP) of 93 patients with laboratory confirmed
COVID19 were investigated and compared. The receiver operating characteristic curve was applied to determine the thresholds for five bio-
markers, and their prognostic values were assessed via the Kaplan-Meier curve and multivariate COX regression models.

Results: The median age was 44 years old, and 35 cases were males. Fever (80.8%) and cough (71%) were the two most common symptoms.
Elevated NLR and age were significantly associated with illness severity.

Conclusions: Elevated age and NLR can be considered independent biomarkers for indicating poor clinical outcomes.
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the clinical management of severe acute respiratory infection in
suspected cases. Wilcoxon rank sum tests were applied to continuous
variables, and chi-square and Fisher's exact tests were used for
categorical variables. The optimal cut-off values of the continuous
NLR, d-NLR, PLR, and LMR were calculated by applying the receiver
operating curve (ROC) analysis .Hazard risk (HR) and 95%

Table 2 Areas under the curve (AUC) of age, NLR, d-NLR, PLR,
CRPand LMR.

confidence interval (CI) were used as common measures to asse
relative risk. Enter elimination binary logistic regression analysis was
conducted to determine the influence of age, gender, and all other
significant factors. P<0.05 was recognized as statistically significant.

2.RESULTS
3.1. Results of WBC count, NLR, LMR, PLR, CRP, d-NLR, and
clinical characteristics in the study subjects

The demographics and clinical characteristics in the study subjects are
shown in Table 1. The proportion of selected severe cases, including
critical illness, was 25%. The average age was 48 years old, with 83
years old as the maximum. The average age of non-severe cases was 32
years old, with 7 months old as the minimum. The age, WBC count,
NLR, LMR, PLR, CRP, and d-NLR of severe patients were
significantly higher than those of non-severe patients. However, no
significant difference was observed in terms of gender.

Fig. 1. ROC curve used to distinguish patients with severe and non-
severe COVID-19.27.8% (26/93) and 73.1% (68/93), respectively.
Fever (83.8%) and cough (67.7%) were the first and most common
symptoms before admission. Lymphopenia and neutrophilia were
observed in 80.6% and 51.6% of patients, respectively. The laboratory
reference values of LYM, NEU, and MON were 1.2-3.4, 1.8-6.3, and
0.1-0.6 E9/L, respectively.

3.2. Use of the optimum cut-off values of laboratory results to
discern severe from non-severe COVID-19 infection
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Fig. 1. ROC curve used to distinguish patients with severe and
non-severe COVID-19.

3.2. Use of the optimum cut-off values of laboratory results to discern
severe from non-severe COVID-19 infection Given that NLR, LMR,
PLR, d-NLR, WBC count, and CRP were used to identify patients with
severe or non-severe cases of COVID-19, patients with pneumonia
were limited. No unified laboratory reference value was found.
Therefore, we analyzed the optimal cut-off values calculated by the
ROC analysis, and the ROC curves were presented in Fig. 1. In Fig. 1,
areas under the curve (AUC) of age, NLR, d-NLR, CRP, LMR and
PLR were 0.743,0.841,0.815,0.714,0.265, and 0.784. LMR could not
be used as a potential diagnostic biomarker for subsequent analysis
because its AUC was less than 0.50. The optimal cut-off values were
3.3,2.8,and 180 for NLR, d-NLR, and PLR, respectively. The highest
specificity and sensitivity were 0.636 and 0.88, 0.55 and 0.84, 0.44 and
0.77 for NLR, d-NLR, and PLR, respectively. The optimum cutoff
values of age, WBC count, and CRP were 49.5 years, 7.2E9/L, and
20.3 mg/L, respectively (see Table 2).

Lower Bound | Upper Bound
Age  [0.743]0.057 [0.001 0.631 0.854
NLR [0.841]0.053 |0.000 0.737 0.945
LMR [0.265]0.064 [0.001 0.141 0.390
PLR  [0.784]0.060 |0.000 0.666 0.901
CRP_ |0.714[0.064 [0.003 0.589 0.839
d-NLR [0.815]0.060 ]0.000 0.697 0.933

Test Result Area Std. Errora Asymptotic Sig.b Asymptotic 95%
Variable(s) Confidence Interval

The test result variable(s): Age, NLR, LMR, PLR, CRP, d-NLR has at
least one tie between the positive actual state group and the negative
actual state group. Statistics may be biased.

3.3. Kaplan—Meier curves of NLR, d-NLR, and PLR for determining
the factors that affect COVID-19 progression

To identify the factors that affect COVID-19 progression, eight
potential factors were included in the analysis by using the
Kaplan—Meier curve and the univariate Cox regression model.
Furthermore, age, sex, and the significant factors in univariate analysis
were included to determine their influences on non-severe time further.
Figs. 2, 3 and 4 showed that the evaluated NLR, d-NLR, and PLR had
slight or significantly unfavorable NST, respectively. Evaluated NLR
(HR 2.46, 95% CI 1.98-4.569), d-NLR (HR 1.92, 95% CI
0.817-3.496),and PLR (HR
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Fig. 2. Kaplan—Meier curves of NLR for non-sever of COVID-19.
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Fig. 3. Kaplan—Meier curves of d-NLR for non-sever of COVID-19.
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Fig. 4. Kaplan—Meier curves of PLR for non-sever of COVID-19.

1.023,95% C10.921-1.756) identified by multivariate Cox regression
were considered independent factors associated with COVID-19
progression.

3.4. Association of NLR, d-NLR, and PLR results with the risk of
COVID-19 pneumonia

To identify the factors that may affect COVID-19 progression, we
obtained the crude odds ratio (OR) after conducting the logistic
regression analysis (Table 3).

Table 3 The OR and ORain each of the NLR, d-NLR, PLR.

Indicators| Crude odds ratio P Adjusted odds ratio |P
(OR) (ORa)*
WBC 1.223 (0.891-1.756) [0.132 ]1.118 (0.888-1.543) |0.146

CRP 1.323 (0.961-2.086) |0.109 | 1.206 (0.898-2.045) [0.138
PLR 1.023 (0.921-1.756) 10.166 | 1.018 (0.988-1.749) [0.252
d-NLR [1.932 (0.817-3.496) [0.134 [1.901 (0.841-4.300) |0.123
NLR 2.462 (1.981-4.569) |0.044 |2.886 (2.064-4.860) [0.019

Given that the blood test results were influenced by age and gender, we
excluded the possible effects of age and gender and obtained the
adjusted OR after the adjustment of gender and age. The results
showed that NLR was positively correlated with the risk of COVID-
19.

* Adjustment for age and gender.

1.DISCUSSION

COVID-19 has elicits a rapid spread of outbreak with the human-
tohuman transmission, with a median incubation period of 7 days and a
relatively low fatality rate. Mortality was less than 2.5%.In recent
publications, the clinical characteristics of COVID-19 are similar to
those of SARS-CoV. Fever and cough were the dominant symptoms,
whereas gastrointestinal symptoms were rare. Fever occurred in only
43%of patients on initial presentation and developed in 83% after
hospitalization. The absence of fever in COVID-19 was more frequent
than in SARS-CoV (1%) and MERS-CoV infection (2%).
lymphopenia is common and severe in some cases. Significantly high
frequencies of severe cases were observed in elder patients with
diabetes or hypertension (Table 1).

After the discussion of the clinical features of COVID-19, we analyzed
the immunological characteristics of peripheral blood in patients with
COVID-19. In the present study, our results first proved our hypothesis
and indicated that elevated NLR was an independent prognostic
biomarker that affected pneumonia progression in COVID-19
patients. On the one hand, neutrophil (NEU) is a major component of
the leukocyte population that activates and migrates from the venous
system to the immune organ or system. NEU releases large amounts of
reactive oxygen species that can induce cell DNA damage and free the
virus from the cells. Thus, antibody dependent cell mediated cell
(ADCC) may kill the virus directly, expose virus antigen, and stimulate
cell-specific and humoral immunities.

In our study, the applicable thresholds for NLR, d-NLR, PLR, and
LMR were observed using the ROC curve. The optimal threshold at
3.0 for NLR showed a superior prognostic possibility of clinical
symptoms to change from mild to severe, which had the highest of
sensitivity and specificity and the largest of AUC. Finally, the findings
of this study indicated that elevated NLR was an independent
prognostic biomarker for COVID-19 patients.

In conclusion, The COVID-19 epidemic spread rapidly by human-to-
human. The clinical manifestations of this disease can vary even in
patients with the same viral infection. The conclusions of this study
support that elevated NLR is an independent prognostic biomarker for
COVID-19 patients.
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